Abstract: Upon treatment of tribenzotriquinacene (4a) (R = H) and its centro-alkyl-substituted derivatives 4b-d (R = CH3, C2H5, CH2Ph) with the strongly basic mixture of n-BuLi and KOTen, 2-fold deprotonation combined with (formal) elimination of RH from positions C( l)-C(lO) occurs to generate tribenzacepentalene dianion 5-K2 with varying ease. Dianion 5-K2 can be trapped with various electrophiles to give 4,7-disubstituted tribenzodihydroacepentalenes 6c-f in good yields. Compounds 6a-f contain an extremely out-of-plane bent C( l)=C( 10) double bond, as shown by X-ray structure analyses of 6b-d, and therefore possess an increased reactivity. 4,7-Dihydrotribenzacepentalene (6a) obtained upon protonation of 5 at -78 "C dimerizes at higher temperatures (20 "C) toward the head-to-head [2 + 21 dimer 22. At elevated temperatures (1 220 "C), 22 is cleaved to regenerate 6a which can be trapped with anthracene and tetracyclone to give the highly condensed Diels-Alder adducts 23 and 24. Likewise, 6a generated from 5 at low temperatures can be trapped with 1,3-diphenylisobenzofuran, yielding 25. X-ray structure analyses of dimer 22 and adduct 23 revealed strongly elongated 1,1,2,2-tetraarylethane C-C bonds, which are attributed to through-bond n-o* couplings in these rigid frameworks. The 4,7-bis(trimethylstannyl)-tribenzodihydroacepentalene (60 undergoes clean transmetalation with methyllithium to give pure dilithium tribenzacepentalenediide (5-Li2.) Crystal structure analysis reveals that the dianionic fragments 5-Li2 in these solventseparated ion pairs are considerably curved.
Introduction
Triquinacene (l),'a-e first synthesized in 1964 by R. B.
Woodward et al., has since been envisaged as the logical precursorlasf to the yet elusive acepentalene (cyclopenta[cdlpentalene, 3). The fully unsaturated hydrocarbon 3, which is the smallest curved subunit of the highly strained C20 fullerene2 comprises a n-electron system of long-standing theoretical intere~t.~ According to Hiickel MO theory, acepentalene has a triplet ground state.3a However, even if the degeneracy of the The fact that the corresponding tribenzotriquinacene (4a) (R --H)I3-l5 is more readily and efficiently transformed into the corresponding fully unsaturated salt, dipotassium tribenzacepentalenediide (5-K2)? than the parent triquinacene (1) is in line with the common stabilization of conjugated nonaromatic hydrocarbons and their ions by benzoannelation.16 Therefore, tribenzacepentalene (7) should offer a much better chance for being isolated than acepentalene (3). In principle, the synthesis of tribenzacepentalene (7) can be achieved along two different routes starting from the tribenzacepentalene dianion (5) (Scheme 1). One would be by formation of an appropriately 4,7-disubstituted tribenzodihydroacepentalene 6 and subsequent homolytic removal of the two substituents; the second possibility would be the direct oxidation of the dianion 5. The homolytic removal of the two substituents in 6 appears quite promising, especially for derivatives with weak carbon-substituent bonds.
The acidity of the benzhydrylic bridgehead hydrogens in 4a is higher compared to that of the allylic positions in 1," which also holds for several centro-alkyl-substituted tribenzot r i q u i n a~e n e s~~~'~ such as the readily accessible centro-methyl derivative 4b (R = Me). This fact has opened a convenient preparative route to tribenzacepentalene dianion (5) and to 4,7-tribenzodihydroacepentalene derivatives 6, as well as to novel, ( 1 1 highly complex polycyclic hydrocarbons containing the tribenzotriquinacene (or trrfuso-~entrotriindan~~) unit.
In this paper we present a full report on the formation, the chemistry, and the structure of tribenzacepentalene dianion (5) as well as the synthesis, structural details, and reactions of 4,7-tribenzodihydroacepentalene derivatives 6a-f.
Results and Discussion
Formation of Dipotassium Tribenzacepentalenediide (5-K2). Tribenzotriquinacene (4a) is easily transformed into dipotassium tribenzacepentalenediide (5-K# in a one-pot reaction with Lochmann-Schlosser base (LSB) in high yield.I3 The interesting mechanism of this reaction was studied in detail since dianion 5-KZ is not a simple deprotonation product of 4a. In formal terms, 5-Kz is generated from 4a by 2-fold deprotonation and subsequent oxidation (Le., elimination of hydrogen). As reported recently, even the centro-substituted tribenzotriquinacenes 4b-d undergo this deprotonation-elimination reaction.*O Again formally, a very unusual elimination of an alkane occurs in these cases. There are only very few precedents2' for this kind of elimination reaction, and none of them have been used for preparative purposes.
In order to elucidate the mechanism of the formation of tribenzacepentalene dianion 5-K2, the easily available centrosubstituted tribenzotriquinacenes 4b-eI4 were treated with 3 equiv of LSB under identical conditions (hexane, 24 h at 22 "C, 48 h at 69 "C) to give mixtures of potassium salts, which were analyzed by NMR spectroscopy. The unsubstituted compound 4a (R = H) was reacted under the same conditions as a reference. Varying amounts of monopotassium salts Sa-e and dipotassium salts lob-d, as the products of single and double deprotonation of the precursor tribenzotriquinacenes 4a-e, were observed (Scheme 2). Most intriguing, however, was the presence of the unsaturated dianion 5-Kz in each of the product mixtures (Table 1) .
The relative leaving tendencies of the expelled anions as R-K+ correlate with the relative stabilities of the expelled (17) The increased acidity of 4a as compared to 1 is also reflected from gas-phase deprotonation by F-and OH-ions, as studied by negative chemical ionization mass spectrometry (ref 13 (Figure 1 ). Subsequent deprotonation of a bridgehead C-H bond of 8e' gives dianion 10e' (Figure 1 ) which is isomeric with 10e. After subsequent deprotonation the postulated trianion 9e does not fragment, since the leaving group would have to be the particularly poor diphenylmethylidene dianion Ph2C2-. Obviously, the formation of dianion 5-K2 is very favorable owing to its inherent stability. Accordingly, the overall deprotonation-elimination process was found to be irreversible. The negative charge is distributed symmetrically over the whole nelectron system of the dianion 5 as clearly reflected by X-ray structure analysis and 'H NMR spectroscopy (see .
On the basis of these results, the suggested mechanism for the formation of the dipotassium tribenzacepentalene dianion (5-K2) comprises three consecutive deprotonation steps leading, via 8 and 10, to the corresponding trianionic salts 9. Owing to the high density of negative charge, these species should be extremely short-lived and undergo a fast elimination of the central substituent as a hydride or a carbanion, respectively (Scheme 2).21 As a consequence, the concentrations of the trianions 9 are too low to be directly observed by NMR spectroscopy. (22) The dianions loa-e abstract deuterons from the solvent [DlolDME to give the corresponding monoanions Sa-e (r1/2 < 1 h at 25 "C).
Scheme 3" 8b a For yields see Table 2 . 
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According to this mechanism, the monopotassium salts 8 can also be prepared highly selectively by using 1 .O-1.25 equiv of LSB. In these experiments, the temperature was kept at 40 "C to avoid formation of the elimination product, which is favored at elevated temperatures.
The reaction of the methyl-substituted monoanion 8b with various electrophiles (Table 2 ) yields the corresponding 1,lOdisubstituted tribenzotxiquinacenes lla-d in good yields (Scheme 3, Table 2 ). Hence, the use of LSB offers an interesting access to a variety of partially-and fully-bridgehead-substituted tribenzotriq~inacenes.~~,~~ The 1,lO-dimethyl derivative lla, in particular, represents the tribenzo analogue of 1,lO-dimethyltriquinacene described recently by Cook et al.25 The postulated mechanism (Scheme 2) is further corroborated by the fact that 1,lO-dialkyl-substituted tribenzotriquinacenes did not undergo the deprotonation-elimination reaction at all. Thus, centrotetraindan 12,26 when treated with 4 equiv of LSB under the same conditions as for 4 (24 h at 22 "C, 48 h at 69 "C), gave only the singly and doubly deprotonated species 13 and 14 (Scheme 4), as observed by 'H NMR spectroscopy; the signals of the 1,lO-elimination product 5-K2 were not found.27
In addition, careful quenching of the anion mixture with water did not produce the hydrolysis product of 5-Kz, 4,7- The efficient two-step synthesis of the sterically congested tetramethyltribenzotriquinacene (16) via the dimethyl analogue l l a is an interesting alternative to the previously reported preparationz3 by 3-fold bromination of 4b and treatment of the resulting l,4,7-tribromo-10-methyltribenzotriquinacene~gc with trimethylalumin~m,~~ fumishing 16 in 94% yield.
Chemical and Structural Features of 4,7-Disubstituted Tribenzodihydroacepentalene Derivatives 6. As pointed out above, there are various possibilities to introduce up to four substituents at the bridgehead positions on the convex side of the tribenzotriquinacene framework. By combining bridgehead substitution with 1,lO-elimination, tribenzotriquinacenes are easily converted to the corresponding 4,7-disubstituted tribenzodihydroacepentalenes 6. In a fonnal parallel to the alternative routes to the tetramethyl derivative 16 (see above), two complementary approaches may be used here: (i) the substitution-elimination path, i.e., bridgehead bromination followed by elimination of hydrogen bromide from one of the central C-C bonds with concomitant nucleophilic substitution at the other bridgehead positions, and (ii) the deprotonation-elimination path, Le., formation of dianion 5-Kz with LSB and subsequent attack by suitable electrophiles. Both of these approaches have parallels in the parent triquinacene chemSimilar to the centro-methyl derivative 4b, the unsubstituted tribenzotriquinacene (4a) can be converted by radical-induced bromination to the 1,4,7-derivative 17 in almost quantitative Scheme 7" 5% 6c-t
For yields and conditions see Table 3 . 
the parent triquinacene derivatives, the mechanism of this reaction was found30 to be a 2-fold substitution by morpholine with concomitant elimination of HBr; this same mechanism should operate in the tribenzo series as well. However, this substitution-elimination sequence from tribromide 17 is limited to the synthesis of 4,7-diaminotribenzodihydroacepentalenes 6.
The deprotonation-elimination route turned out to be more versatile. Thus, treatment of tribenzotriquinacene (4a) with an excess of n-hexane soluble Lochmann-Schlosser base (LSBhS),28b an equimolar mixture of (2-ethylhexy1)lithium and potassium terr-pentoxide, gave a single product in quantitative yield, viz., dipotassium tribenzacepentalenediide (5-Kz) (Scheme 7). The strongly basic mixture LSBhS can only be used at room temperature (20 "C) or below, because it decomposes at higher temperatures. Most remarkably, the hydride elimination from the trianionic intermediate 9a (c$ Scheme 2) occurs already at room temperature. This unusually low temperature for hydride elimination reactionsI0 emphasizes the facile formation of the resonance-stabilized dianion 5-Kz. It is also noteworthy that this highly efficient process did not take place for the centrosubstituted tribenzotriquinacenes 4b-e; these compounds, however, were readily transformed into 5-Kz under heterogeneous conditions, as described above, or in the presence of TMEDA as a coso1vent28a at elevated temperatures (69 0C).20 In both cases, tribenzacepentalene dianion 5-KZ was trapped with various electrophiles to give 4,7-disubstituted tribenzodihydroacepentalenes 6 in high yields. For example, the 4,7-bis-(trimethylsilyl) derivative 6c was obtained in excellent yield by reacting 5-Kz with chlorotrimethylsilane (Table 3) .'3,3'
Although not tested explicitly, it is obvious that this method opens an independent synthetic access to a broad variety of 4,7-dihetero-substituted tribenzodihydroacepentalenes 6.
In contrast to the rather stable 4,7-bis(dialkylamino)tribenzodihydroacepentalenes such as 6b and the corresponding dimethylamino analogue,23a the new disubstituted derivatives 6c-f are unstable at room temperature or easily add electrophiles across the central bridgehead-bridgehead double bond. The degree of stability is reflected by the isolated yields of these compounds (Table 3 ). In particular, the bis(trimethylstanny1) derivative 6f is highly sensitive toward light, air, and water.
Due to its sensitivity, the purification of this compound was not easy, but was achieved eventually by low-temperature (-30 'C) crystallization from n-hexane. The 'H NMR spectrum of 6f was almost identical to that of the bis(trimethylsily1) derivative 6c. Also, the E1 mass spectrum with the correct isotopic pattern clearly confmed the molecular formula C28H30-Sn2.
The observed lability of compounds 6c-f is certainly due to the severe pyramidalization of the central C( l)=C( 10) double bonds. Therefore, suitable crystals of three tribenzodihydroacepentalenes, 6b-d, were subjected to X-ray structure analysis with particular attention to the degree of pyramidalization around C( 1) and C( 10) ( Table 4) .2931932 In some cases, viz., 6b and 6d (Figure 2) , one of the two out-of-plane angles was found to exceed those calculated for the highly symmetrical dodecahedradiene (42.9' both),33 which is one of the most highly pyramidalized, yet isolable olefins. The total out-of-plane bending of the four C-C bonds at the C( 1)-C( 10) axis is very similar for both 6b and 6c, with the sum of the angles at C(l) and C(10) amounting to 77.4' f 0.5" but falling short of the corresponding sum of angles for dodecahedrene (85.8") . It is most intriguing that even the highly shielded bis-(trimethylsilyl) derivative 6c (Figure 2) Properties of the Unstable 4,7-Bis(trimethylstannyl)tribenzodihydroacepentalene (Sf). The E1 mass spectrum of compound 6f is dominated by a peak at m/z = 276 (100% relative intensity) corresponding to the loss of the two bridgehead substituents. High-resolution measurements of this peak c o n f m the formula C22H12' + for the corresponding fragment ion, and subsequent fragmentation of this species appears to be negligible. It is therefore proposed to be the radical cation of tribenzacepentalene (7'+). The same fragment ion peak is also observed in the E1 mass spectra of all other 4,7-disubstituted tribenzodihydroacepentalene derivatives 6b-e, and even the mass spectra of many tri-and tetrasubstituted tribenzotriquinacenes such as 1723a,c and 1,4,7-tribromo-10-methyltribenzotriq~inacene~~~~~ exhibit prominent peaks at m/z = 276. Most remarkable in this regard is the spectrum of tribromotribenzotriquinacene (17), which shows not only the formation of the singly charged CZZHI~'+ ions (ca. 70%) but also the presence of the doubly charged species C22H1z2+ at m/z = 138.23c
Irradiation of 6f with a high-pressure mercury lamp resulted in decomposition products and formation of hexamethyldistannane (Scheme 9). When tert-butyl mercaptan was added prior to irradiation, the characteristic bridgehead proton signal of the 4,7-dihydrotribenzacepentalene dimer (22) was observed in the IH NMR spectrum of the crude product mixture (c$ Scheme 11). Admittedly, however, one can only speculate at this point as to whether the decomposition of 6f under these conditions proceeds via the neutral tribenzacepentalene (7) or, alternatively, via the mono(trimethylstanny1)tribenzodihydroacepentalene. Treatment of the 4,7-bis(trimethylstannyl) derivative 6f with methyllithium in dimethoxyethane (DME) at -60 "C leads to the pure dilithium tribenzacepentalenediide (5-Li2) by a cleanly proceeding transmetalation (Scheme 10).
Structural Properties of the Dilithium Tribenzacepentalenediide @-Liz). Dilithium tribenzacepentalenediide (5-Liz)
crystallized very well from a DME solution at -30 "C. Singlecrystal structure analysis was performed at 153 K.34 In contrast to the parent dilithium acepentalenediide and many other lithium salts of conjugated hydrocarbons which form contact ion pairs or triplets,36 dilithium tribenzacependenediide (5-Li2) was found to be a solvent-separated ion triplet in the crystal. Layers of dianions 5 alternate with layers of DMEcomplexed lithium counterions (Figure 3 ). The average distance between the dianion layers is 860 pm. Each lithium cation is chelated by three DME molecules. The central acepentalene fragment in 5 adopts local C3 symmetry with C(10) on the 3-fold axis (Figure 4) .37 The molecule is not flat but considerably bent, giving rise to a bowl as indicated by the sum of the central bond angles which is 353.1". However, all three indan subunits are almost ideally planar with a maximum deviation of only 3 pm from the best plane in each case. All three central C-C bonds originating at C(10) are equal within their standard deviations (average 139.7
The six bonds connecting the bridgeheads C(1), C(4), and C(7) to the benzene rings exceed the central ones by 6 pm (average 145.7 pm). The central fragment of tribenzacepentalenediide 5-Liz is structurally very similar to the parent compound But the three bonds which are common to one five-and one six-membered ring each are unusually long (average 148.3 pm), while all the other six-membered ring bonds are close to the ones in benzene ranging from 139.2 to 139.8 pm. A similar bond lengthening has been observed for the corresponding bonds in lithium 7bH-indeno[ 1,2,3jk]fluorenide (20),39 which were found to be 146.7 pm (average). The bond length of 148.3 pm found here is even 1.7 pm longer than the one for a typical C(sp2)-C(spz) single bond.4O Hence, this value indicates an extended distribution of negative charge over the whole CZI annulene perimeter of dianion 5 (Figure 5) .
Such a delocalization would cause a partial positive charge in the center of the molecule. In fact, the I3C NMR chemical shift (6 = 177.0 ppm) of the central carbon in dilithium tribenzacepentalenediide @-Liz) correlates well with a partial positive charge at C(10). The 'H NMR chemical shifts (see Figure 6 ) of 6 = 6.55 and 7.58 ppm also corroborate an extended negatively charged aromatic system, 5-Liz, with C3u symmetry as indicated in Figure 5 . Accordingly, only five lines were found in the I3C NMR spectrum of 5-Liz.
Reaction of Tribenzacepentalene Dianion (5) with Water.
When the substituents at the bridgehead positions C(4) and C(7) in 6 are small (R = Me) or absent, 6a (R = H), the highly bent C(l)=C(lO) double bond is not sufficiently shielded and the compounds cannot be isolated even below 0 "C. Thus, attempted quenching of solutions containing 5 -4 with dimethyl sulfate, as described above for 8b and 15, did not afford the expected 4,7-dimethyltribenzodihydroacepentalene but polymeric material. However, when the solution of 5-Kz was treated with water at -78 "C and the mixture then allowed to warm to room temperature, the [2 + 21 dimer 22 was formed and isolated in excellent yield (97%) (Scheme 11). Moreover, the unsubstituted monomer 6a was observed by 'H NMR spectroscopy when the solution was kept at -60 "C after quenching. The bridgehead protons of 6a show a characteristic singlet at 6 = 4.58 ppm, which is 0.39 ppm upjield of the corresponding bridgehead proton resonance of the "saturated" tribenzo-
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Haag et al. The X-ray structure analysis of the dimer 22 proved the headto-head orientation of the two tribenzotriquinacene moieties, as reported previou~ly.~' Furthermore, the structure of 22 exhibits an unusually long lateral C( 1)-C(2) cyclobutane single bond (160.2 f 0.6 pm), whereas the central C(9)-C( 10) bond is only slightly elongated (156.6 f 0.6 pm). Hence, the former C-C bond is ca. 4 pm longer than usual for cyclobutane derivative^.^^ This remarkable bond lengthening may be attributed to an interaction of the (T* orbitals of the C(1)-C(10) bond and the adjacent n-orbitals of the annelated benzene rings (Figure 7 ). This so-called through-bond coupling was first described by H~f f m a n n .~~ A related bond lengthening effect to even 161.8 pm was found recently for the central C(sp3)-C(sp3) single bond in a diaryl-substituted tetrahydroindeno[ 1,2-a]indene (C,-diindan) and has been attributed to a similar through-bond coupling.44
The increased bond distances in the cyclobutane core of 22 suggested that the dimerization of 6a should be reversible.
Indeed, differential scanning calorimetry (DSC)45 indicated an endothermic transformation conversion of dimer 22 at 216 "C, suggesting a thermal equilibrium, 6a * 22, above this temperature. Attempts to perform a selective cleavage of the weakened C( 1)-C(2) single bond in 22 to regenerate and trap the diradical 21 were not successful yet. However, the reversal of the [2 + 21 cycloaddition of 6a can be used for the synthesis of new structurally interesting polycycles. Thus, when heated together with high-melting dienes at 220 "C, dimer 22 gave the corresponding Diels-Alder adducts in good yields (Scheme 12).
Reaction with anthracene gave polycycle 23 (Figure 8) Ph revealed a lengthening of the corresponding C( 1)-C(2) bond to 158.7 f 0.5 pm. As compared to usual C(sp3)-C(sp3) single bonds, the lengthening effect is again ca. 4 pm.
Heating of dimer 22 with tetracyclone (Scheme 12) at 220 "C led to the adduct 24 after loss of CO. It may be noted that this compound represents the f i s t triquinacene bearing a 1,3-cyclohexadiene unit fused to one of the central C-C bonds.25
At low temperatures (-78 -+20 "C), monomer 6a was also trapped directly with electron-rich dienes like 1,3-diphenylisobenzofuran. Best results were obtained by addition of water (as aqueous THF) to a stirred solution of dianion 5 and 3 equiv of diphenylisobenzofuran in THF at -78 "C. After the mixture had been allowed to warm to room temperature, TLC analysis showed the Diels-Alder adduct 25 to be present as the major product and only a trace of dimer 22. Nevertheless, only 27% of pure 25 was isolated, because separation from the remaining diphenylisobenzofuran was extremely difficult due to similar retention times. The Diels-Alder reaction between the intermediate 6a and diphenylisobenzofuran was also found to be reversible at higher temperatures (Scheme 13). Hence, the deepyellow color of the reagent was observed by heating 25 to ca. 170 "C, and a mixture of 25 and anthracene gave the anthracene adduct 23 when heated at 220 "C.
Experimental Section
General Remarks. ' HRMS were determined with a Varian MAT 3 11 A, using preselected ion peak matching at R % 10 000 to be within &2 ppm of the exact mass. Because of the sensitivity of tribenzodihydroacepentalene derivatives 6c-f toward light, moisture, and air, satisfactory elementary analyses could not be obtained in most cases. Column chromatography: silica gel 60 (70-230 mesh, E. Merck, Darmstadt). Flash chromatography: silica gel, chromatography medium 60 (20-45 pm, Amicon). Thin-layer chromatography (TLC): Alugram Si1 G/uv254 (Macherey-Nagel, Duren). Melting point (mp) determination: melting point apparatus of Wagner & Munz; melting points are uncorrected. Elementary analyses: Mikroanalytisches Laboratorium, Institut fur Organische Chemie der Georg-August-Universitiit Gottingen. Singlecrystal X-ray structure analyses: the diffraction data were recorded on a Stoe-Siemens four angle and solved by direct methods (SHELXTL p r~g r a m ) ?~.~~ Solvents used were dried by refluxing over sodium and distilled immediately before use. All reactions were carried out under an inert atmosphere in oven-dried glassware. All NMR samples of air sensitive materials were prepared in a glovebox under a nitrogen atmosphere, and the solvent was added at low temperature. The suspensions of all tribenzotriquinacene anions were directly transferred via a steel cannula from the reaction flask to a glass filter (P4) under an argon atmosphere, washed several times with dry n-hexane, and transferred into a Schlenk flask. Potassium tea-pentoxide was prepared according to Pearson's procedure. (49) All prepared potassium carbanionic salts contain lithium rerrpentoxides in an aggregated form,s due to the large excess of LSB7 used. Therefore, the yields were not calculated; in these cases the yields of the trapping reactions are representative. (d,J~16.0H~,1H,ll-H~),3.39(d,J~16.0H~,1H,ll-H~ 7 H, 2 H, 3"(6" )-HI; (10d) 6 2.68 (s, 2 H, CHZ), 3.82 (s, 1 H, 7-H), 5.65 (mc, 2 H, 5'-H), 6.10 (m, 2 H, 4 H, 3"(4", 5", 6.56 (mc, 2 H, 6.95 [m, 7 H, 6'(benzyl) Selective Preparation of Potassium 10-Methyl-1-tribenzotriquinacenide (8b). To a stirred suspension of 10-methyltribenzotriquinacene (4b) (161 mg, 0.54 mmol) in 7 mL of n-hexane was added dropwise at ambient temperature n-butyllithium (0.67 mL, 1.63 mmol, 2.36 N) in n-hexane. Then potassium ferf-pentoxide (0.91 mL, 0.68 mmol, 0.75 N) in n-hexane was injected over a period of 16 h at 40 "C. The reaction mixture was filtered and the red residue washed three times with dry hexane (10 mL each) under an argon atmosphere. Some material was lost with the filtrate, because the suspension was too fine for the glass filter (P4). The product was dried in vacuo (0.01 Torr) for 1 h to yield 136 mg (76%) of potassium 10-methyl-1-tribenzotriquinacenide (8b): 'H NMR (500 MHz, [DlolDME, 2 H, 5.93 (dd, J = 7.5, 1.0 Hz, 2 H, 6.48 (dt, J = 7.5, 1.0 Hz, 2 H, 6.86 (dd, J = 7.0, 1.0 Hz, 2 H, 6.93 [AA' part, 2 H, 7.11 [BB' part, 2 H, 13C NMR (125.7 MHz, [DlolDME, General Procedure for the Reaction of Potassium 10-Methyl-ltribenzotriquinacenide (8b) with Electrophiles (GP2). To a solution of the respective electrophile (1.0 mmol, 3.3 equiv) in 5 mL of THF was added dropwise at -78 "C a suspension of 100 mg (0.30 mmol) of potassium 10-methyl-1-tribenzotriquinacenide (8b) in 3 mL of n-hexane; the red mixture was stirred for 1 h at -78 "C and then allowed to warm slowly to room temperature, while the color changed to pale yellow. The reaction mixture was diluted with 30 mL of pentane and washed three times with saturated ammonium chloride solution (10 mL each). The organic layer was dried with MgS04, and the solvent was removed in vacuo. The crude product was purified by flash column chromatography (eluent = petroleum ether/ethyl acetate, 100: 1) and recrystallization from hexane/ethyl acetate. 60 ( s , 3 H, 1-CH3 ), 1.72 (s, 3 H, 10-6.64 (dt, J = 7.0, 1.0 Hz, 1 H, 5'-H), 6.69 (dd, J = 7.0, 1.0 Hz, 1 H, 6"-H), 6.99 (dd, J = 7.0, 1.0 Hz, 1 H, 3'-H), 7.01 (dd, J = 7.0, 1.0 Hz, 1 H, 13-H), 7.02 (dd, J = 7.0, 1.0 Hz, 1 H, 16-H), 7. 04-7.10 [m, 3 H, 4"'(5"',6"') Sulfate. To a stirred suspension of 1,lO-dimethyltribenzotriquinacene ( l l a ; 154 mg, 0.50 mmol) and potassium tert-butoxide (448 mg, 4.0 mmol) in 5 mL of n-heptane were added slowly at -30 "C TMEDA (1.45 mL, 10 mmol) and n-BuLi (1.70 mL, 4.0 mmol, 2.36 N) in n-hexane. The mixture was allowed to warm to ambient temperature overnight and was stirred for an additional 24 h at 25 "C and 72 h at 69 "C. The deeply red suspension was cooled to 20 "C and added slowly via a steel cannula to a stirred solution of dimethyl sulfate (950 pL, 10 mmol) in 5 mL of THF at -78 "C. After 1 h of stimng at this temperature, the pale yellow suspension was allowed to warm to room temperature. Toluene (30 mL) was added and the mixture washed three times with saturated ammonium chloride solution (10 mL each). The organic layer was dried with MgS04, and the solvent was removed in vacuo. The crude product was purified by filtration through silica gel with toluene as the eluent and recrystallization to yield 134 mg ( , 80.33; H, 6.29; N, 6.25. Found: C, 80.35; H, 6.19; N, 6.04. Selective Preparation of Dipotassium Tribenzacepentalenediide (5-Kz). To a suspension of tribenzotriquinacene (4a; 280 mg, 1.0 mmol) in 5 mL of n-heptane were added at 20 "C potassium tert-pentoxide (7.8 mL, 7.0 mmol, 0.90 N) and 2-ethyl-1-hexyllithium (10.0 mL, 7.0 mmol, 0.70 N). The mixture turned red and was stirred for 72 h at this temperature. The reaction mixture was filtered and the red residue washed three times with dry hexane (10 mL each) under an argon atmosphere. The residue was dried in vacuo (0.01 Torr) for 1 h to yield 404 mg of crude 5-K2,49 which can be directly used for subsequent reactions: 'H NMR (400 MHz, [DlolDME) 6 6. part, 6 H, 3'(6') ]; I3C NMR (100.6 MHz, 99.9 [Cq, C-1 (4,7) ], 113.2 [+, C-3'(6') ], 119.6 [+, C-4'(5')], 137.8 [Cq, [DlolDME, C-H correlation: SF1 = 400 MHz, SF2 = 100.6 MHz) 6 C-2(3,5,6,8,9) ], 173.2 (Cq, C-10). In the COLOC spectra the following crosspeaks were observed: 3'(6')-H with C-1(4,7), 3'(6')-H with C- 2(3,5,6,8,9) , 3'(6')-H with C-4'(5'), 4'(5')-H with C-2 (3, 5, 6, 8, 9) , and 4'(5')-H with C-3'(6').
1,lO-Dimethyltribenzotriquinacene (lla)
.
General Procedure for the Reaction of Dipotassium Tribenzacepentalenediide (5-K2) with Electrophiles (GP3).
To a stirred solution of the respective electrophile (2.5 mmol, 5 equiv) in 5 mL of the indicated solvent was added dropwise via syringe a suspension of dipotassium tribenzacepentalenediide (5-Kz; 202 mg, 0.50 " 0 1 )~~ in 5 mL of n-hexane at -78 "C; the red mixture was stirred for 1 h at -78 "C and then allowed to warm slowly to room temperature, while the color changed to pale yellow. The conditions for workup were chosen according to the stability of the product. Less sensitive 4,7-disubstituted tribenzodihydroacepentalenes 6 were treated as follows: The reaction mixture was diluted with 50 mL of n-hexane and washed three times with brine (10 mL each). The organic layer was dried with MgS04, and the solvent was removed in vacuo. The crude product was purified by flash column chromatography (eluent = petroleum ethedethyl acetate, 50: 1).
4,7-Bis(trimethylstannyl)tribenzodihydroacepentalene (60. To a suspension of the crude dipotassium salt 5-Kz (404 mg, 1.0 mmol) in 10 mL of ether was added at -78 "C 398 mg (2.0 mmol) of trimethylstannyl chloride in 20 mL of ether. The mixture was allowed to warm to ambient temperature and filtered under argon. The residue was suspended again in 10 mL of ether and treated with 398 mg (2 mmol) of trimethylstannyl chloride in 20 mL of ether at -78 "C. The mixture was allowed to warm slowly to ambient temperature. After filtration through a P4 sintered glass under argon the solution was concentrated and the remaining yellow oil purified by low-temperature (-30 "C) crystallization from hexane to give 254 mg (42%) of 6f as a yellow solid: 'H NMR (400 MHz, [D3]acetonitrile) 6 0.20 [s, 18 H, Sn(CH3) Reactions of 4,7-Bis(trimethylsilyl)tribenzodihydroacepentalene (6c). l-Hydroxy-4,7-bis(trimethylsilyl)tribenzotriquinacene (Ma). To a solution of 6c (21 1 mg, 0.50 mmol) in 10 mL of THF was added sulfuric acid (1 mL, 50%). The reaction mixture was stirred at 50 "C for 15 h. After addition of 50 mL of ether, the mixture was extracted
